Color Shade Resutts

Quantity : |Fluxdensity| Tesla

VATB(VL) (VinTB) : 25 Phase (Deg): O
Scale/ Color

18,66546E-3 / 19351456E-3
19351456E-3 / 368,36362E-3
36836362E3 / 54321271E3
54321271E3 | 7180618E-3
7180618E-3 / 892,9109E-3

892,9109E-3 / 106776 =] 1 T

106776 / 1,24261
124261 / 1,41746
141746 / 1,59231
169231 / 1,76716
1,76716 / 1,94201
194201 / 2,11685

2,11685 / 2,2917
22917 | 246655
246655 | 26414
26414 | 281625
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Primario

24

12,5

65

7

65

23

948

Secondario

65

Color Shade Results

Quantity : |[Fuxdensity| Tesla

Wmrs(VL) (Vrs) : 25 Phase (Deg): 0

Scale / Color
18,66546E-3 / 19351456E-3

193,51456E-3 / 368,36362E-3
368,36362E-3 / 543,21271E-3

543,21271E-3 / 718,0618E-3
718,0618E-3 / 8929109E-3
892,9109E-3 / 1,06776

1,06776
1,24261
141746
159231
176716
1,94201
2,11685

/

!
!
!
!
!
!

1,24261
141746
159231
1,76716
1,94201
2,11685
2,2917

22917 | 246655
246655 / 2,6414
2,6414 | 281625
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Primario
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Parametro Valore
HTOT 65
EXT_COIL 24
HT_COIL 24
INT_COIL 11.5
TK_CORE 15
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$
TIPO COLORE | VALORE
COIL
CORE1
COREZ2
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R1

1

Componente Valore
Vi 10 Volt
Componente
Coil Conductor: Resistenza 0.85 Ohm
Bla Numero di Spire 310
Coil Conductor: Resistenza 0.85 Ohm
B1b Numero di Spire 310
Coil Conductor: Resistenza 0.85 Ohm
Bla Numero di Spire 310
Coil Conductor: Resistenza 0.85 Ohm
B2b Numero di Spire 310
Componente Valore
1le7 Ohm
=
5% CEDRAT
(=
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}

AIRGAP = 0.1 mm
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Applicazioni Magnetiche S.r.l.  www.spinmag.it

CORE

PRIMARIO

SECONDARIO

ARIA

Permeabilita Saturazione
magnetica relativa
800 21T
Permeabilita Resistivita
magnetica relativa elettrica
1 1.78e-8 Ohm
w (=
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SOLVER_2D - [TR1]

#3%&

) File Method Views 7

IR

Geometry

materials

Sources

electric components
@ Y1 voltage source
R1 : resistor
Bla coil

B2a : coil

E1E : coil

- @ BE2B: coil
others

B
o000

L)t

SPIN

W1 voltage source

—Walue [valt rmz)

Mum | Limit 1 | Limit 2 | Methad | Data
il i 25 Walue of step 4

I ~Yanation method——

alue of step |
Mumber of stepsl

Lizt of walues |

Yalidity domain : [ 0., +[MFINITY [

Mew reference value : ID

YWariation way : ascending Repeat | Display I
Default reference value - 10 -
Lirk | Delete |
New reference value : |1 i]
— Phaze [degrees]
Wariati thad——
Num | Lmit1 | Limit2 | Method [ Data T ———
Walue of step |
Murnber of stepsl
List of values |
Walidity domain: [ -180., 180. ]
“ariation way : any Fepeat | Dizplay |
Cefault reference value : 0
Lk | Deltz |

Values display

Mumber of required computations &
W alidity damain : [ 0., +{MFINITY [
Wariation way : ascending

Default reference value : 10

Mew reference value : 10

V1 =5/9/13/17/21/25 Volt rms

Applicazioni Magnetiche S.r.l.  www.spinmag.it

10

GROUPE

|

;
=
:



o $%)*S

Color Shade Results
Quantity : Relative permeability

Vims(V1) (Vims) : 25 Phase (Deg): 0
Scale / Color

2,12641 | 51,94759
51,94759 / 101,76878
101,76878 /| 151,58997
151,58997 / 201,41115
201,41115 / 251,23235
251,23235 / 301,0535
301,0535 / 350,87469

350,87469 / 400,69589
400,69589 / 450,51706
450,51706 / 500,33823
500,33823 / 550,15948
550,15948 / 599,98065
599,98065 / 649,80182
649,80182 / 699,62305
699,62305 / 749,44421
749,44421 | 799,26538

SPIN
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o $%)*S

Color Shade Results
Quantity : Relative permeability

Vims(V1) (Vims) : 25 Phase (Deg): 0
Scale / Color

2,12641 | 51,94759
51,94759 / 101,76878
101,76878 /| 151,58997
151,58997 / 201,41115
201,41115 / 251,23235
251,23235 / 301,0535
301,0535 / 350,87469

350,87469 / 400,69589
400,69589 / 450,51706
450,51706 / 500,33823
500,33823 / 550,15948
550,15948 / 599,98065
599,98065 / 649,80182
649,80182 / 699,62305
699,62305 / 749,44421
749,44421 | 799,26538
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TR1

Watt
200 4

150
- POWER

Power / Active

100 Vrms(V1)
/ COILIL P;COILIR N;
/ Phase (Deg): 0

. Vrms
T T 1 T T 1 T T 1 T T 1
5 10 15 20 25
Henry
5,049E-3 L

0,005—
= RS INDUCTANCE
4,95E-3 — Inductance / Inductance
- Vims(V1)
4,9E-3— COIL1IL_P; COILIR_N;
- \\ Phase (Deg): 0
4,849E-3— \.ﬂs
_— Vi
47993 T T 1 T T 1 T T 1 T T 1
5 10 15 20 25
SPiiN . CF
13 CEDRAT

Applicazioni Magnetiche S.r.l.  www.spinmag.it ——



©, SOLVER_2D - [TR1]

] File

Method  Wiews ¢

&G+ w2

* TR1

[T o0 0

Geomekry
materials
Sources

. COILIL_P : coil
o i Wumber of turn

5. @ COLLIR_M: col
- @ COILZL_P : coil

" @ Mumber of burn

S @ COILZR_M ¢ o

" @ Mumber of burn

elactric compaonents

W1 : voltage source
R1 : resistar

B1A : coil

Bz : coil

B1E : coil

BZE @ coil

SPiN

Applicazioni Magnetiche S.r.1.

alidity domain ] -INFIMITY, HMFINITY |
Wariation way ; azcending
Default reference walue : 310

Mew reference walue : Ao

COIL2L_F  coil
— Mumber of turm
— — —Wariation method——
MHum I Lirnit 1 | Lirnit 2 I tdethod I Data
1 110, 0. Walue of step 100,

W alue of step |
Mumber of stepsl
List of walues |

Repeat

| Dizplay I

Lirik.

| Delate |

110/210/310

www.spinmag.it
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Values display

MNumber of required computations 3
Walidity domain : ] MFINITY, +IMFIMI Y [
Wariation way : ascending

Default reference value : 310

Mew reference value - 310

[ ok |

210
3o

110

GROUPE
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TR1

Flusso

Inductance / Magnitude Flu

NTurn(COIL2L P

COIL2L_P ; COIL2R_N ;

Phase (Deg): 0

_ /
0,025
0,02 /
0,015
0,01
| T T T |
150 199,999 250 300

SPIN
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ﬁFlux
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yFlux
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T4 Rf

Ta=Ta *(1/1n)
—»

Ta=m*TTa’

I—» La perdita puo essere trascurata in quanto vi ésatune sul primario

I_. e (Calcolo di Rf & Xm

e (Calcolo delle perdite nel

NUCLEO

SPIN

Applicazioni Magnetiche S.r.1.

WWWw.spinmag.it
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> E sufficiente un modello CAD sempilific:
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NUCLEO ( magnetic non conductive region

/

Permeabilita Saturazione
5500 1.8T
Avvolgimenti
Primario Secondario
432 spire 80 spire
/// \\,\ T _
— Y
e —
S
S J
4 p L T \\\\;\ \\/ o
k’\,// —— /\J\/
4 o gﬂux

Primario: accopiamento del circuito

SPIN

Applicazioni Magnetiche S.r.1.

Modello FEM semblice

£1

n;"’-::;"-. o
ee——

\\TJ'; B HY A
o o
N —

;EI E_Hv B
n;"{;"-. o
e

\\fJ'E: B HY C

VA =VB = VC = (132000//3)V

www.spinmag.it

/ (VA) =180°

/ (VB) = 60°

/ (VC) =-60°
19

Secondario:

Corrente nulla imposta
in ogni fase :

la=1b=Ic=0A
/ (1a) =/ (Ib) =/ (Ic) =0°

|
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Corrente in ogni fase del primario

Corrente di Magnetizzazione: 10

Energia Magnetica

Reactive power/phase

b Reattanza di

(35,1)2 L Magnetizzazione
AU = e Xm1, Xm2

Induzione Magnetica nel NUCLEO

+ coefficienti di Bertotti )
- Hysteresis losses coefficient
- Conductivity Perdite nel
- Losses in excess coefficient NUCLEO
« Thickness of lamination Rf
- Stacking factor J

SPIN

Applicazioni Magnetiche S.r.l.  www.spinmag.it
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I4 I R Ta=Ta’ *( 1/m)
—» —» ] —»
Fy x F Y
Tho
U4 Ua
Rf Y | . Ua=m* T’
Ua’ =0V Ua = 0V
1

|_> Perdite NON trascurabili, il NUCLEO e poco magnedizrz
Ramo di magnetizzazione trascurabile : « ideal sati@a primario e secondario

 Calcolo della Reattanza di Perdita

 Perdite Joulenegli Avvolgimenti

 Perdite per Correnti Parassiteegli Avvolgimenti
 « Stray losses »

=)
:

SPiN s

Applicazioni Magnetiche S.r.l.  www.spinmag.it
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0

Origine delle « Stray losses » :

Perdita di Flusso

Magnetico . ;
J Correnti Parassitenelle

parti conduttive (tank, shunts,...) I Perdite Joule (chiamate)

« Stray losses »

Parametri sensibili:

Forma degli Avvolgimenti
Forma del NUCLEO > E necessario un modello CAD dettagliatc

Forma della Parti Conduttive )

)
-

SPiN ”

Applicazioni Magnetiche S.r.l.  www.spinmag.it
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Tank, Frames magnetic & conductive

) Modelled as : « surface Impedance »
a << Sheets thickness —

surface region

Core, . ferromagnetic part

Laminated: e = 2.7 e-04 m Modelled as : «non conductive & magnet

volume region

Shunts fastening magnetic & conductive

Modelled as : « thin conductive »

Thin sheet thickness — _
surface region

bus bars: Current sources, no eddy current

Modelled as : « Coil conductor »

ﬁ ]
volume regions

)
:

23
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Tensione in ogni fase del primario

Tensione di Corto Circuito:

Vsc

Energia Magnetica

Reactive power/phase

X1l= g
(172

>

Reattanza di perdita
X1, X2

R1,R2, 11, 12

Perdite Joule negli Avvolgimenti :

Pj = 3*R1*112 + 3*R2*|22

Induzione magnetica radiale

Perdite per Correnti Parassite negli  Avvolgimenti

Densita delle « Stray losses »

« Stray losses » totali

SPIN

Applicazioni Magnetiche S.r.l.  www.spinmag.it
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1/ +
P (eddy) = 1 b sinh(a/d) - sin(a/d) Brad 2, @ sinh(b/d) - sin(b/d) B 2 (W/m) - Brand Induzione magnetica Rac
)= s /772 d cosh(a/d) + cos(ald) d cosh(b/d) + cos(b/d) ax - Bax Induzione magnetica Assial
b Nradial %
Mazial j
¥
Posizione dei conduttori in ogni Avvolgimento Induzione Magentica calcolta da FLUX
SPiiN o (e
25 5% CEDRAT
=
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1 . 2

Visualizzazzione della densita delle « Stray Losses » (W/m?) :

NI } =
&5 Edit Result[STRAYLOSSES_TOTAL]

MName ofthe result*
| STRAYLOSSES_TOTAL

Comment
| Losszes in'Watt on face regions

Walidity of the result

Results | Description |
,,,WFlux Real scalar 3

Walue *

Integrale in ogni parte conduttiva (Flux postprocessing)

=

SPiN N
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Induttanze, perdite magnetiche

D - TRANSFORMERS _CEDRAT/SHORT_CIRCUIT_TEST. FLU

cs  ParameterGuantity Solving Display View Select Tools Exensions Help
B B T 0 [ - pan ' BH S E DS AR YRS @
& o B 5 4 Ezﬁgmp'a”e O IR Y I I AT T T Y
20 grid » E
& 20 arid v
355 Multipoint support »

. Isovalues
% Isolines 3
75, Arrows »

T 20 curve (Path) »
€ 2D curve (U0 parameten

/% Quantities computation on points

1(E ce, Torgque, .. Magnetic force

J-J Integral of 2 spatial guantity » Magnetic torgue

]Q Currentwalues /0 parameter Magnetic energy

R Computation result » Losses by Joule effect

#8 Power halance 3 ERRER R _ s~ Bertotti iron losses

;r; Iran losses

Sheet iron \\ Computation regions \ Results\
rSheet iron
FCo

wf Parameter /0 »

i

& Sensor

Hysteresis loss coefficient (stl'zlms)

# Spatial quant
E, Spatial guantity ~ Edit Steady State AC Magnetic 3D application

[E Store quantity

Classical l0ss coefficient (conductivity) (Sim) =

Definitian \ Forrnulation Model \ Caoils Cnefﬂcwem\

Frequency in Herlz*
(50 ]

B Import parameter and guantity
n" Export quantity

Loss in excess coefficient (V\ff('rfs)1'5fm3)

" Export node of regions 3

Thickness of stesl iron (m) *

— By celect step and scenario
T AT TR T A TSI TIE =

2 Value of parameter TANK LENGTH : 4800

23 Value of parameter TANK_EETGHT : 4060

Value of pavameter TANE_WIDTH : 2074

Fill factor *

rSheet iron arientation

Plane ofthe sheet iran
“"* ]

Systeme of coordinates *

oz ~|[b]

QK | ‘ Cancel |H| [ ] | |

Value of parameter ATR_BOX_BUS_BAR_THICKNESS : 200
Value of parameter YOEE_THICENESS : 110

. end loading project
Warning : the field ' Computation of electric field in non conducting regions @!l

oW

SPHN .
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Forza sugli Avvolgimenti

Analisi Elettrostatica:

o

Current
transformer
insulator

Secondary
winding

Altre : Analisi termica, carico shilanciato, test di sovraccarico, ....

=)
3

SPiN .
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Esempio— Caricamento dell’Overlay

\
N /

30
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Esempio— Inserimento Dati Geometrici

31
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Esempio— Inserimento qualita della MESH

32
Applicazioni Magnetiche S.r.l.  www.spinmag.it



--5 /

Esempio— Inserimento Dati Fisici

33
Applicazioni Magnetiche S.r.l.  www.spinmag.it



--5 /
Esempio— Inserimento AVVOLGIMENTI
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Esempio— Modello Costruito:
TRASFORMATORE TRIFASE

]
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Esempio— Solving e Risultato Finale

e
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